while the per cent of total cholesterol esterified decrease(d with tinme and wNas significantly lower than that for exogenous cholesterol from 6 to 24 hr postprandially. These results demonstrate l)referential esterification of exogenous cholesterol during absorption and indicate that a mechanism exists within the intestinal miucosal cell to maintaiin both free and esterified exogenouis cholesterol in a chemically distinct pool from endogenous clholesterol during incorporation into both chylomicra an(d VLDL.
cholesterol present in VLDL of sequential lymph collections progressively increased with time after a meal and by 18 hr hlad reached a value of 80% or greater. In chylomicra the per cent of exogenous cholesterol of sequential lymph collections progressively decreased.
Therefore, exogenous cholesterol w%as preferentially transported in VLDL compared with chylomicra.
Cholesterol ester specific activity (CESA) of lymph chylomicra and VLDL increased at a more rap)id rate than free cholesterol slecific activitV (FCSA'). CESA of VLDL was three times higher than FCSA at the nmaximum. Exogenous cholesterol wlhich appeared in both chvlomicra and VLDL was consistently 80% esterified, A preliminary report of these studies has appeared in PhYsiologist. 1970 . 13: 298.
The present address for Doctors Rudel and Felts is the Tipid Research Laboratory, Veterans Administration Hospital, San Francisco, Calif. Dr. Rudel was a Postdoctoral Fellow of the Canadian Heart Foundation during completion of this work.
INTRODUCTION
In some species, most notably the rabbit (1), increase(d amounts of dietar clholesterol lead to dramlatically elevated plasma cholesterol concentrations. In contrast, the rat and dog do not exhibit this response to dietary cholesterol alone (1) . In the present -work we have studied exogenous cholesterol absorption in the rabbit since this process is likely to be related to the high susceptibility of this species to experimental atherosclerosis. WNe have specifically examined the role of lymph chylomicra an(d verv low density lipoproteins (V7LDL)' in exogenous cholesterol transport in light of an earlier suggestioln made by Zilversmit, Courtice, and Fraser (2) that the rabbit is a species in which thoracic duct lymph cointains comparatively high VLDL levels. The relative importance of chylomicra and VLDL in the transport of exogenous cholesterol has not been investigated previously, although a primary role for chylomicra hias long been assumed (3) . Our studies were carried out on rabbits 'Abbrcviationis ised in this paper: CESA, cholesterol ester specific activity; FCSA, free cholesterol specific activity; p.p., postprandially; VLDL, very low density lipoproteins.
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The Journal of Clinical Investigation Volume 51 October 1972 after ingestion of a single meal. In these studies, a low cholesterol-containing diet was fed. These animals will serve as controls for subsequent studies on rabbits fed high cholesterol-containing diets.
METHODS
Aniimals. Male New Zealand white rabbits, weighing between 2.5 and 3.5 kg were used in these experiments. They were trained to eat two 45-g meals daily in 1-hr feeding periods. The diet consisted of commercial rabbit pellets (Rockland, Teklad, Inc., Monmouth, Ill.) coated with corn oil and cholesterol. By analysis, the diet contained 4.7% triglyceride and 0.08%o cholesterol. Experiments were carried out after animals had ingested their normal morning meal, in which case they obtained 2.11 g of triglyceride and 36 mg of cholesterol. Animals used for these studies had been on this diet for at least 1 month, and plasma cholesterol concentrations remained in the normal range as determined by assay.
Reagenits. Reagent grade solvents (Fisher Scientific Co., Ltd., Montreal, Canada) were used for lipid extraction and thin-layer chromatography (TLC). The cholesterol-7a-3H was purchased from New England Nuclear Corp., Boston, Mass., and was purified on TLC before use (4). Corn oil (Mazola, Canada Starch Company, Ltd., Montreal) and cholesterol (ICN Nutritional Biochemicals, Cleveland, Ohio) were added as dietary supplements. Sodium glycodeoxycholate was purchased from Sigma Chemical Company, St. Louis, Mo.
Cannulation and hanzdlinig of 13ymph saptles. Between 2 and 2i hr after feeding, animals were anesthetized with sodium pentothal (Abbott Laboratories, Ltd., Montreal) after which a laparotomy was performed. The left kidney was tied off and removed to facilitate access to the thoracic duct. This vessel lies deep to the aorta, and was exposed just anterior to the level of the adrenals. After tying off the thoracic duct anterior to the point of cannulation, it was cannulated using Silastic tubing (Dow Corning Corp., Midland, Mich.; 0.025 inches, I.D., 0.047 inches O.D.) and the cannula was fixed in place using tissue glue (Eastman 910 Adhesive, methyl 2-cyanoacrylate, Eastman Kodak Co., Rochester, N. Y.). The cannula was exteriorized through a stab wound in the left side, after which the abdominal incision was closed and the animal was placed in a prone position and restrained. Collection of lymph was begun 3 hr postprandially (p.p.). Sequential lymph samples were collected in polycarbonate tubes at room temperature usually in 3-hr time intervals for a total time of 21 hr. Immediately after collection, 5% disodium ethylenediaminetetraacetate (EDTA), pH 7.0, was added to a final concentration in lymph of 0.1% and samples were transferred to a 15°C refrigerator. Preparative ultracentrifugation was begun within 24 hr of collection. Animals were kept hydrated throughout the collection period by continuous intravenous infusion of 0.9% NaCl (4 ml/hr) into an ear vein. Rate of lymph flow was relatively constant between 3 and 4 ml/hr in animals treated in this way.
In some experiments, a tracer dose of 30 ,tCi (66 X 106 dAg) of cholesterol-7a-3H was added to the regular meal. In other cases, the same dose of cholesterol-8H was administered intraduodenally as an emulsion or as a micellar solution after cannulation had taken place. The emulsion was prepared by adding one drop of corn oil to the cholesterol-3H dissolved in benzene, evaporating the benzene under N2, and emulsifying by sonication in 1 ml of 10% sodium glycodeoxycholate, pH 7.4. Sonication was carried out for 15 sec at 7 kc/sec, using the "Needle" probe on a Bronwill Biosonik BP-111 (model 300W, Bronwill Scientific, Inc., Rochester, N. Y.). A clear micellar suspension was prepared by adding about 10 mg of monoolein to the benzene solution of cholesterol-3H, after which the benzene was evaporated under N2 and 2 ml of 20 mli sodium glycodeoxycholate, pH 7.4, was added. To assure complete solubilization, this mixture was then treated by sonication as above.
At the end of the experimental period, plasma samples were taken from those animals which had received the cholesterol-'H dose as a micellar suspension. Such samples coIitained negligible amounts of radioactivity, indicating that the collection of intestinal lymph produced throughout this period had been complete.
Fractionation of lymph samples. Lymph was subfractionated by ultracentrifugation in a L2-65B ultracentrifuge (Beckman Instruments, Inc., Palo Alto, Calif.) using a SW-40 swinging bucket rotor. The method, described in detail elsewhere,2 consists of sequential centrifugations at d = 1.006 to separate chylomicra (operational definition Sr > 400) and VLDL (operational definition Sf 20-400). Differences in mobility as seen on agarose electrophoresis2 performed according to Noble (5) , indicated only very small amounts of cross contamination occurred in the separation of chylomicra and VLDL by this method. Greater than 95% of exogenous cholesterol-'H recovered in lymph was found in lymph d < 1.006 lipoproteins, and greater than 90% of lymph triglyceride was also found in this fraction.
Lipid extraction and assaY. Whole lymph and lipoprotein were extracted in chloroform: methanol, 2: 1, according to the procedure of Bragdon (6) . Individual lipid classes were separated by TLC. Free and ester cholesterol bands were extracted in 10 ml of chloroform and portions of this extract were taken to dryness under N2 before assay. Dried portions of free and intact ester cholesterol were assayed colorimetrically using the o-phthalaldehyde (ICN Nutritional Biochemicals) reagent of Zlatkis and Zak (7), according to the method of Rudel and Morris.3 Triglyceride containing bands were extracted with 10 ml of chloroform: methanol, 2: 1, and portions were taken to dryness before assay by the method of Van Handel and Zilversmit (8) .
Portions of whole lymph, of lipoprotein solutions, of total lipid extracts, and of free and ester cholesterol extracts were taken for determination of radioactivity on a Unilux II liquid scintillation system (Nuclear-Chicago Corp., Des Plaines, Ill). Counting was carried out in an 18 ml counting medium containing 2.67 g of 2,5-diphenyloxazole (PPO) and 133 mg of 1,4-bis[2-(5-phenyloxazolyl)]benzene (POPOP) per liter of toluene. When whole lymph and unextracted lipoprotein solutions were counted, 1 ml of methanol was added with 25 IO of sample to maintain a one-phase system. Counting efficiency was determined with an external standard using the channels ratio method for quench correction (9) .
Statistical ezaluation. The paired t test (10) was used to test for significant differences between the per cent esterification of exogenous and total cholesterol of chylomicra and VLDL. Fig. 1 shows that the rate of total cholesterol appearance in lymph chylomicra and VLDL parallels triglyceride appearance, although the rate of appearance in VLDL compared with that in chylomicra is proportionately higher for total cholesterol than for triglyceride. Table I shows that a greater percentage of total cholesterol than of triglyceride was carried in the VLDL. This was true for all animals studied and averaged 65%. More total cholesterol was recovered in d < 1.006 lipoproteins of lymph than the amount of cholesterol fed with the meal, in spite of an average recovery of only 30% of exogenous cholesterol-3H.
Since chemically determined total cholesterol contains both exogenous and endogenous cholesterol, we used tritium-labeled exogenous cholesterol so that absorption of this form could be studied separately. The pattern of appearance of exogenous cholesterol was not identical with that of triglyceride or total cholesterol (Fig. 1) .
The rate of exogenous cholesterol appearance in VLDL was higher than the rate of triglyceride or total cholesterol appearance in VLDL (Fig. 1) , and the total per cent of exogenous cholesterol recovered in VLDL was always greater, even in animals in which total triglyceride absorption differed threefold. Taken together, these data clearly demonstrate a preferential incorporation of exogenous cholesterol into VLDL.
The most dramatic demonstration that the VLDL is the most important transport vehicle of exogenous cholesterol during absorption was obtained when the per cent distribution of exogenous cholesterol between chylomicra and VLDL for each sequential lymph sample was determined in seven animals (Fig. 2) VLDL of lymph. Fig. 3 shows the specific activity changes which occurred with time. In each animal, the CESA increased at a more rapid rate than FCSA. CESA exceeded the FCSA by two to fivefold at the observed maxima. CESA of VLDL exceeded those of chylomicra at the maxima for all animals studied. The same maximum CESA in VLDL was observed for two animals and was 1 X 106 dpm/mg while the maximum FCSA observed was 3 X 10' dpm/mg.
A comparison was made between the per cent esterification of exogenous cholesterol-3H and of total cholesterol. Fig. 4 shows the results obtained in both chylomicra and VLDL isolated from sequentially collected lymph samples. The (Fig. 2) . Second, the per cent of exogenous cholesterol-'H recovered in lymph VLDL was consistently higher thani the per cent of triglyceride and total cholesterol recovered in VLDL (Table I ). This wNas found to be true even when the total amounit of absorbed triglyceride changed threefold. Third, the maxiimiuIm1 rate of appearaince of exogenous cholesterol in VLDL comlpared with its nmaximum rate of appearance in chvlomi cra is proportionately greater thani the imiaximum rates of appearanice of triglyceride and total cholesterol in these t-o lipoproteins (Fig. 1) (Table I ). An average of 64% of total cholesterol was esterified (Fig.  4) * Total cholesterol appearing in lymph over the 21 hr collection period was 58 mg (Table I ).
I The calculated per cent of total cholesterol appearing in lymph was 59% endogenous and 41% exogenous.
was preferentially esterified. The per cent esterification of exogenous cholesterol remained constant with time in the face of a changing specific activity and a changing rate of appearance, wlhile the per cent esterification of total cholesterol decreased. These data suggest that the intestinal niucosal cell has a mechanism to recognize and maintain the newly absorbed exogenous cholesterol in a separate compartment fronm the endogenous mucosal cell cholesterol.
